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1. SUMMARY

This report contains the design notes of a 2 MlJoules 10,0004,
1000V, dump resistor, with taps from 25 mOhms to 300 mOhms
maximum. The resistor is forced air-cooled and can handle
continuously one 2 MJ dump every 5 minutes at all taps. The resistor
is made from 304 stainless steel bars and is mounted in a 90"H «x
24"W x 20"D steel enclosure, with easy access to taps.

The upper resistance sections are made lighter to save material
cost and weight. The total weight of the resistance element is 427 lbs.

The resistor is used to absorb the stored energy from cryogenic
magnets during tests at the magnet test facility. Interlocks are
provided for remote tap readout, dc over current and over
temperature. A build-in current sensor and timing relay switch
forced air-cooling on for 5 minutes, after a dump.

nominal resistance taps at

peak current
rms current
peak voltage
power rating

cooling

temperature rise
ambient temperature
insulation temp. class
control power
enclosure size
approx. weight

2. AS BUILT DUMP RESISTOR PARAMETERS

: 25, 50, 100, 150, 200, 250,

300 milliOhms1)
10,000A

. S00A at 100 mOhms

1000V

: one 2 MIJ shot per 300 seconds

continuous at all taps

. forced air for 5 min. after a

dump
110°C peak, estimate

: 40°C maximum
: 2100C

120 Vac, approx 5 A

: 90"H x 36"W x 20"D, indoor

1000 Ibs.

(1) See test data for exact
values



MTF DUMP RESISTOR DESIGN REQUIREMENTS

Design a dump resistor Rp as follows:
1. 10,000A, 1000V maximum
2. 300 x 103 Q maximum
3. 6 taps at 50x10-3Q intervals
4. energy dissipation at each tap, 2 MJ
S. one 2 MJ dump/s ,in, 6 dumps/y,

6. install remote tap setting readout

GENERAL DESIGN APPROACH

The temperature rise of the dump resistor steel is:

P
AT = constant x W oC

P is the instantaneous dump energy
W is the weight of the dump resistor steel

The dump resistor could be designed as shown in
fig. 1.
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The dump resistor shown in fig. 1is a reasonable approach. It
consists of 3 sections of 100x10-3Q each with a center tap. The
weight of the sections changes for the higher values because the
power dumped in those is a fraction of P. Making three resistor
sections with different weights saves about 30% of the SS material
cost. Each resistor section can be made from different size #304
stainless steel flat bars. These bars are commercially available in a
large variety of sizes in 12 ft. length. Stainless steel type 304 has a
reasonably high specific resistance and is therefore practical.

The amount of energy dumped in a kg of steel determines the
temperature rise, assuming no losses to the ambient.

1/2L12
W = "car K@
12 . .
> LI = stored energy dumped in Rp in Joules
C = specific heat of Rp steel in Joules/Ocy,
AT = temp. rise in °C

No. 304 stainless steel has the following listed properties:

specific heat C . 500 Joules/o¢ iy

specific resistance at 20 oC = 72x10-6 Q cm
resistance temp. coeff. per °C = 0.00094

Rgo°c = 1.066 Rs°c
specific weight = 0.00784 kg/.m3



A stainless steel bar, 1 ft. long with a crossection of 1 inch? has
the following properties:

R/g, 1 inch2, 200C = 0.34x10-3 Q
R/g, 1 inch2, 900C = 0.362x10-3 Q
weight/ft, 1 inch2 = 3.4 Ibs.

The temperature rise limit can be set by choosing the weight of
the resistor steel large enough so that the temperature rise AT for a
2 MJ dump does not exceed 50° C. Each individual 100 mQ resistor

section can be designed, based on the resistance, temperature rise
and power dissipation requirements.

5. DUMP RESISTOR DESIGN

5.1 R1, 100 mQ, 2 MJ Section

The amount of energy dumped in Ry is at worst 2 MJ.
Limiting the temperature rise to 50 ¢C yields:

2x106

>500x50 = 80 kg (176.4 1bs)

Section R requires therefore a piece of stainless steel
that has a resistance of 100x10-3 Q and weighs at least 176 1bs. Let
the crossection of the stainless steel bars be S inch? with a total
length of L ft. This choice has to satisfy:

3.4 SL > 176 lbs (weight, temp. requirecments)

and
0.34x10-3
+0 L < 100x10-3 Q (resistance requirement)
Solve: S = 0.42 inch2
L = 123.5 ft.



Choose:
304 SS, 3/16 x 2-1/2, 12 ft long flat bar.
1.594 1bs/p, 0.46875 inch?
RygoC= 0.725 x 103 Q/ft
Rgo°C = 0.773 x 10-3 Q/ft
Need 138 ft for 100 x 10-3 Q at 20°C
Semi- Final Choice Section R;:

Buy 12 - 12 ft length, cut to 11 ft
Total 132 ft 2 X 2“1”

16 2
Rypoc = 957x 107 Q
Rggoc = 102 x 10°3 Q@

W = 2104 lbs (114.3 kg)
AT = 420C at2 MJ
P = 95 kJ/b

The resistance of the purchased material needs to be checked
so that the final cutting length can be calculated.



5.2 R,, 100 mQ, 1.33 MJ Section

1
The amount of energy dumped in R, Section 2-3 (Fig.l) is 3 P

maximum and 5 P maximum for total R;  Assume for calculation

2
purposes that the amount of energy dumped in Rj is at worst 3 X 2

MI.
The weight of Ry > 2/3 x 176 = 117 lbs

Thus:
3.4 SL > 117 lbs
-3
Q;}‘lgi L < 100x103Q
Solve: S = 0.34 inch2
L = 101.2 ft
Choose:

30488, 3/16 x 2, 12 ft long flat bar.
1.275  1lbs/g, 0.375 inch?2

Ryo°c 0.9066 x 10-3 Q/ft

Rogoc = 0.9665 x 10-3 Q/ft

need 110 ft for 100 x 10-3 © at 200C



emi-Final Choice Section Rj:
Buy 10 - 12 ft, cut to 11 ft

Total 110 ft, 3/16 x 2

Ry®c = 997 x 103 Q
Pyc = 1063 x 103 Q
W = 140.2 1lbs

AT = 420C at 1.33 MJ
P = 9.5 ki

5.3 R3, 100 mQ, 0.67 MJ SECTION

The amount of energy dumped in Rj3, Section 4-5 (Fig. 1) is 1/5
P maximum and 1/3 P maximum for total Ry Assume for calculation
purposes, that the amount of energy dumped in Rjis at worst 1/3 x

2 MJ.

The weight of R3 > 1/3 x 176 = 58.6 Ibs

Thus: 3.4 SL > 58.6 lbs
.34x10-3
9% L < 100 x10-3
Solve: S = 0.242 inch2
L = 711 ft

Choose:
304 SS, 3/16 x 1-1/2, 12 ft long flat bar

0.9563 1bs/ft, 0.28125 inch2



Ry®c = 1.209 x 10-3Q/ft
Rop°%c = 1.289 x 103 Q/y
Need 82.7 ft for 100 x 10-3 Q at 20°C

Semi-Final Choice Section R3:

Buy 8 - 12 ft, 3/16 x 1-1/2, cut to 10 ft

Total 80 ft, 3/16 x 1-1/2

Ry®C = 96.7 x 103 Q
Rge®C = 103.1 x 103 Q
W = 76.5 lbs
AT = 38.4 oC at 0.67 MJ!)
P = 8.7 kJ/lb
1) AT = 45.9 oC for section 4-5 at 0.4 MJ



6. COOLING CONSIDERATIONS FOR 2 MJ DUMPS

2 MJ/s min = 2000 kWsec/300 sec

The continuous equivalent power dissipation is 6.7 kW for one

3
2 MJ shot every 5 minutes. The R; surface area is: 12x11x12x5§ =
8514 inch2,

The power dissipation for R; is approximately 0.78 watt/j cn2.

Copper bars in free still air give AT = 65°C rise at ~0.5
watt/inch2. Forced air-cooling at ~200 ft/,;, reduces the thermal
impedance by a factor ~2. With fans installed, the dump resistor
temperature fluctuates approximately as shown in fig. 2.

°C

140

100

!

ANANANAN)

"é + \/I)" Y, s T :, L)

MIMGTES

Estimated dump resistor operating temperature with
continuous 2 MJ dumps at 5 minute intervals.

Fig. 2
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Choose: 1 - insulation: class 210°C for the resistor
support spacers.
2 - fans on for 5 minutes after dump

3 - Rp thermal intlk. ~120°C klixon.

7. DUMP RESISTOR RUNNING LOSSES AND INTERLOCKS

The dump resistor is in parallel with the run SCR's of the dump

switch and will carry some part of the dc current as shown in fig 3.
1032 SHARING RELIITOR

/ | DUMP SWiTcH BuN TCe
{W'_%j ALLow Coa0 Airpp
b ,;‘"—’V“f‘%“ﬁ/j-}',_# R
W3 -
b — Ve 16,000 AMP

| e A S

) el Yo _)
R o 1/ 0550, .

: b . .‘{ 5 g
P S, L AAM ‘ s - Logp

TR

IR

Basic electrical power diagram indicating operating current
flow.

Fig. 3
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The maximum running losses occur with the 25x10-3Q tap
connection for Rp.

Max Vrp = 2000 x 10'3 + Vger = 3.3 Volt
(Maximum run SCR and sharing resistor voltage drop)

3.3 .
Irp = 25x10-3 = 130 A normal running at
25 mQ tap.
Rp running loss = 435 Watt max.
Rp R1 surface = 8500 inch?

Rp running power dissipation 0.05 Wait/j,cp2 max.

The estimated worst AT is approximately 15°C running.

A run SCR's turn-on (gating) failure can result in excessive dc
current through Rp. In that case Rp will heat up and 120°C klixons at
Rp will trip the power supply.

A dc current sensor has also been installed at the power
terminals of the dump resistor. It trips at about 300 Adc and
prevents operation with large dc currents through the dump resistor
or the dump resistor power cables. Large dc currents will occur with
bolted shorts at the tap board or with run SCR gating failures.

The dc current sensor CS is simply a proximity switch (reed
switch) mounted in the vicinity of the dump resistor power terminal
bus. The contacts of a proximity switch will close as a result of the
magnetic field created by the current flowing through the bus close
to the switch.

It is an eclegant solution, because it requires no control power

and the contacts can be used directly in a 120 Vac control circuit. A
similar current sensor starts the cooling fans after a dump.

12



The dump resistor is equipped with a "valid tap” interlock. It is
possible to connect the tap links for a wrong combination. Interlocks
at the taps keep the power supply off as a result of wrong tap
connections. Remote tap position readout and interlock contacts have
been provided. These interlock contacts must be used to prevent
high operating currents when high resistance tap settings exist.
Destructive high dump voltages, in excess of 1000V, will occur if a
combination of high operating currents and high dump resistor
values are permitted.

Drawing #ATV060489MTF shows the interlocks.

WARNING

Bolted shorts should not be installed at the dump resistor.
A 10,000A rated shorting strap must be installed at the

power connections to the dump switch if Rp = 0 Q is
required for tests,

8.0 P RESISTOR BLE SIZE

The dump resistor sees 2 MJ every 300 sec. The highest
current values occur at the 25 x 10-3Q tap setting, which yields the
highest rms current I in the Rp power cables.

12x25x10-3x300 = 2000.000
I = 516 Amp.
Thus the equivalent rms value of continuous dumps every 5
minutes would be 516 Amp. Connect the dump resistor with 3 x 2/0
cables in parallel

Cable Ampacity 3x185 = 555 Amp. for 90°C cable insulation.

Cable O.D. ~0.54"

13



9. MATERIAL RESISTANCE MEASUREMENT
DUMP RESISTOR S. STEEL TEST, OF MATERIAL RECEIVED

MATERIAL CALCULATED MEASURED
R20°¢/f1 R20%¢/1t
SS#304 x10-3Q x10-3g
1)
3/16 x 2%‘ 0.725 0.6615%
3/16x2 0.9066 0.9117%*
3/16 x 1 %‘ 1.209 1.2271%*

*adjusted for 200C, material was tested at 32°C,

1 - Method: Put 5A through 8 ft. length, measure volt. drop in
mV and divide by 40 for mQ/g.

NOTE: Published 304 resistance temp coeff = 0.00094 per °C.

CALCULATE:

3/16 x 2-1/2 R/g at 1000C =0.7112 mQ
3/16 x 2 " = 0.9803 mQ
3/16 x 1-1/2 ! = 1.3194 mQ

14



10. FINAL CHOICE OF BAR LENGTH FOR DUMP RESISTOR
SECTIONS

Calculate the final bar length of the dump resistor sections
from the test data of para. 9. Make Rp 300 mQ at 100eC.

00
1. R length 07112 = 140.6 ft.
24 pcs 70.3" long each
100
2. R, length 0.9803 = 102 ft.
20 pes 61.2" long each
100
3. R3 length 13194 = 75.792 ft.
16 pcs 56.8" long each

11. DUMP RESISTOR ASSEMBLY PROCEDURE

This procedure yields 50 mQ dump resistor sect'ions at 100°C,
based on the measured resistance of the 304 SS bars received.

Cut the stainless steel bars to the following length:

3/16 x 2-1/2, 24 pcs, 70.3" long, bend offset 22 pcs

3/16 x 2, 20 pcs, 61.2" long, bend offset 18 pcs .

3/16 x 1-1/2, 16 pcs, 56.8" long, bend offset 14 pcs

Stack pcs per drw. #ATV050989MTF line up ends at ', weld

together, weld stops, install tap board and mount assembly to
enclosure backplate.

15



Remove center clamp top channel, cut slots in lower insulator
for klixons, install 2 layers kapton between klixons and resistor steel.
Reassemble.

Put Rp in enclosure.

Make 2-7/8 dia. hole in enclosure top for Rp cables.

Install fans, wiring and control cable hole.

Hipot -2500 VDC 1 min, measure resistance at various taps.

12. DUMP RESISTOR TEST DATA

Date of test: January 1990

1. Measured resistance of *milliOhms at 20°C
stainless steel length
between tap:

0-1 44.70
1-2 45.19
2 -3 44.18
3.4 44.11
4-5 45.42
5-6 45.28

*Accuracy +0.05%

16



2.

Measured resistance at nominal tapsetting:

Nominal tap Measured milliohms at
milliohms
1) 1)_
*200C 1000C 1500C
25 22.52 24.21 25.05
50 44.61 47.96 49.62
100 89.93 96.69 100.02
150 134.13 144.22 149.18
200 178.80 192.25 198.86
250 224.46 241.34 249.65
300 269.73 290.01 300.00

*accuracy *0.05%
Dealculated from 20°C

CS1 pickup 312 A, dropout 285 A
CS2 pickup 284 A, dropout 280 A

High potential test
1 minute at 2500VDC >5000 MQ

All interlocks checked OK

17



13.  ACKNOWLEDGEMENTS

The resistor was assembled by EED personnel. Don
Carpenter and Bob Oudt supervised the mechanical construction and
Walt Jaskierny the electrical wiring and testing. I am grateful for

their competent support.

18



JG7 . .
] Ve 99 ey 56 By 54
= - 2 v . & .o’ y ,
VY ity 28527 Lispaseill ¢hav s Y N T
A ?\E Snoy,995 ' F1x/E 1% _&&@ INOTyB 19 TR L YH Ha\.qm onor, 80t " FUY raghe _
o VedXWEY | t ¥ veoxoyszy | , f* Teanoor =]y : [
% % _||J - _
3,8, (0 E— e e p—— h
OGS . “ e
D | | | | I
NN - m 4, m !
= , A” Lz 7y ! r
e 22 | e
3 - S 7 : ;
0.0 k2 :
(7 b / ®
AU —
LS 2D
$3 —
AN 3
i = x LA T ~
A 3, PUDNT] N
RS s " 7§V ISl N
N 4 ™
Sa
S,
VZ
JWORS ONIORY L, WU TS
GET LI TavheTT It
~ Z R N
%\qxw%, L7285 74T \\.1\ i ! e Nz T 17
_ I e N | S =il
ziovbgusops ) - T T sy _ i ! _
D3 WV 2 N..C.N 7 m i _ " _ ,
ﬂ\\“ x \\N}\W\\Q\w gm . |Iw \W S * W\\-w - Lln- P N\Mﬂ :IIILA"I. “t.‘w. - .Uur - \‘ \W\MN ."l_._t
- &, N . n.d A:¥g _NDIBIAIW — W&\\\ﬂhﬂ%ﬂ \GWJ§|W\\U% \Q Q“..“\i W.\QQQQ\ "
%9 FISIIATE | |Teamons “Cowz’ doimtzpgira HEW
8/ £ 095 SN GRS 0NLE g s02f »| AL |f5-637] FLON ONI¥IINIONT
AT¥d | ABCHILWD  IvINIG LDIroNd NOLLDES BYTINNIS



T LT

LS T
rrhrog T

AT

[ S————

A

i
[ ——

CAF Zaetz Ly LW

¥ WV In N.w

"

17 ZmplLFply #Oy

OYCIEL

i

i gl nj, + o Gl Ll L
N & / w
_ R w b ML %% £
| N w % d d L864T 15 'Y oy
Wﬂhnm.aﬁ\.:.” Tl 702 ! it ,_ ‘” 7 i @ 7164 FT
VRS e
£ qzu\m \v | “ - T
Rcana - e... thi et i .\ﬁ vﬂ
27 =] ..\.mw.,\ + s py _VW\ ~——)-
o2 ‘.n:n\v« N\\_ H MW roe eva \N NNM.\. h\m
/7 5 p NI LY | _g I5 %3 12! 27N FIHLTIIL PBEY Qm\xaw
Vg S5ty Lol F gty A0
e Qe gy Lff@ .
Ap. T ~— W L %
AM.“ N .fllfr.f'.. o \v 2 O
£ . —{Z
S — & @
{ P\ - e e - e . — o
e o e 7 @
SO744E u.amm m.‘m\m (@) ————_ 77 4557
T RAR IR S @ =1 m | —

¥ TF
e T x NL = z

AP

JEN Ve D I -

FIANERD JiF tAE

(274 G ey 3,

3¢

7

femnr.

Qm_w\ﬂmtnﬁ
AL V4 /7

" ﬂTﬁ@ @

A

/

£C Mazs e

Ptepesa ons |
K siire

24 '@

AT NOISIANE

25/87%

aivg

QM\(\.CJX .\.\ Md\ INTN

v ool L YOULPIP TS d SN

MP HINFIIS ' pogof ~ & 09007

273 - \,..__ \.“ 5 : Lonrans
S Ay 05 E250 18 g M IT 200> | =ity |75 053 | 3LON ONI4IINIONT
IOVL | AHTDTIIVI Trikds A133FOME NOLLOES QAviiwNad




SURMCT

SE -ioyaolb y I

2,28/ /*fonmjﬁil !-/L —,Vrl ljf-l VLF{_

roT 3L By

7

(7162 Mg NOPL FI5 2954} HAUNI 1T IQ Y v @

&

S 7LD / FUVILTIND YLD IY SNIG

/¥

450~ 7/?//;9” ‘___.7£T_
ey Q_ﬁ[y?rr‘
”’Za‘a *-4 w%

’f/rﬁ/d/w ;\_/ ga'

g 7]
i 2

AIMOS TaFU NI

261831
HHTLNG sty T . . in
A EL TITA 1 7‘:)?6/9‘9./”)"037,’&‘! )f?.fn; yedg = 00t
- 5 5 . R S :
To06 _ To7 | coor Loy ko | L5 FXazy |
= F; 3 7 7 i3 J
| N | Eg’ ! L T e o0 r’L; ﬂﬂg#/‘\ 7_]_

s & E 008 wEH qfll ! AN

N % £ ! g MOLL1505 N7 A NS

\E\\ § ?: l ———J——rwy/mw GG g Fohhit oy ~ 7_%

= ) 25 72

Nk @J’ — {1 78 [ LT 17+ BOH !5"{:

~ ;g N & O77H )’,:‘ I -; i S as3 & l—z
}‘J ~ K g r“-’Lﬁ ; wny ] o7

s ~

|
R R Y wows oory K ‘[‘ﬁ,— 75 I ST\
E - 1 \'_‘{_

R S S | —— YV RN 2 N

Q}B > ‘5 2‘ i/ K HNIT s IOLSIPTY j?f 51K ,r{@

™ Se HIdGs) 0_?{)}& P é""‘[ ‘ &n 05 z :‘\._,/E &I_@]

SRR 2! "y —r

w33 : : . HNIT o 2 ~]

N 9% € HOL LI IY o0Y, 9[‘@

i . h—s ot ¥ 4

% A L4 gg# e
2 5 - —-:Tif‘ sy W?

3 % MR ]

3 ‘ , " |7

& b s 9813 ~Feorw> Ny
> T — |- ,S’Sa/.wéf?/ Tl o
R t ”“00_9' 7 vl g
N | 2 NI b = S
: W EEI e — — £ FNIITFS TEICT % "
: E 7
S tsl: N ]'F s | Szy .- 9_r‘f71|
2 L i )
| 24
NSNS 1, {0 Ny
RS = ' _ y;, vgn | 8 gr L e
— |3 L = U@j;’_
w E %

- A w Ferze sy | $RT
N a IUC I 120,y seizr Dt T e 2832
1 1 i
il o 7 R Ty L33

;71 o Nets o> n233173 P HIFHI) g 3 ?,\:\;, N
: S §) ACdE " 5] bt Pi abif g 8D Xv_“%ag\gj
E ~ AIH I Q{\&
BN 17 YAl 53R

~ NWS Foz ¥0 ,.\2 &s

WL | Aedr saed QTS

o w 5 Suon Q %

= @Uﬁ I i p5i Dy

sepf =32 212704 3%
IZI R “or 5 NI = |2
AN I Wit SN17002 I

w -
ulsy o o

o QE NFS  IAM

z

ul lké 2 I8y HAUIME NI wNOFS DA 02/

ol




Pod G HEW

M Ty poT
SV ? ANIE

tra 7l IIVNERD Tur wm AIXZ _REM\ oo s\ wmeta % gra 7y,

Y 0 —4 e b AT t%f ok

ﬁlﬁrsl T T T I = __rl[ E— T
I | |
0 Fe fore Rl Gh Wy~ feo - Hew A%k

VESITE
PIHIN 2 n?
] _m% 1) Vowwey 5 1o2ddS m THoNGI1IG p 0201 =4/ 20707
, Wa\ss T m\.“.. T 0X00E Ly OLIITIIHNIG .\kwma ~
CAZS A W DEILSOALE §MIT 290; 9| sov |rg-¢77| 3JLON ONIEIINIONI

Invd | 4805 1vD-TviNas 1DWrONE T ] aviinEad




m\. PRENVpbL NI IZII A TsaN  PETT

a5z (z
Fad 855 oy rINL
CI7BELASTIDG I LI K vrg Yo
FENODSA T ZAy CHLLINGII ) G LIV LILYTA0HS \
1L U 7
AOF(y CNE C3E CNe IR YIIINGL IO O g = \J\
(XY
INES FHL ONIAEY PTEIIILEN SIUNIILIY & SLoN 002 95, QLLIETD N J_(
e |
0610 =944 - 27 °
1468212, \¢ oIHa ONETIATTS |
QEIY FSQIFNITID IZES 0D IILFE TS _— W\V
20295 5 FOUYD 0ILIETT / e
MUHL Y D007 ZLmI® T ULreTO T2 &
S P& (A
B L
Ny
ta ow \QSR &/ %\ N A
L - AN ) M
= <, —D —— N NP A/’ N
A
A9, z e v
@ F 7oL , \mwl«l "
| Ddeddr

Sope w3 Adrinvers B

ONPe sy b§ LSO NI gMIT

5777770 63/,

31V NOISASNE

L8 o serztring

ilvya

N‘.ué,i \

INYN dl“

M AW d 0001 =~ 6 2950
GIXO0F LIN2 " 20L11T33HNNa —Lin

A33rans

10V

AWTOILYD ITINIG

ooy S)

N E-eT

LDArONd

NOUSNE

JLON O9NIYIINION3

avirnuad




L1

308 v Al pE by £ TAHOINIS
»ahwwu% ot g W e 7,84 an;n\ \J.H\ INIFINT O
wub:smw . W dALP) D 3 : — ip £ 108 Hum
agrenvy ) ol 4 z iy B 5
[ 4 7l xm\w b BN \,_m..\\N..M\W
‘ : AL - m
59 . : A i ] o192 hrf
7 .M.Q mU QW T %l. - ﬁw u\uxﬁ\%\.m.
o o T o —= o T e
) , c Dl=s = | [ Plbl D
g R X ; x_u 21 . ) N 1 A
I~ E.W ‘
& % ) ! PN
- ) P A IS 4 Do o —| 4> o R
~ P b T T /.@ i q NS 1] |
o~ o s lll.lkr‘\\\ ~ L o _ IEQ _
u\m_ 3
. ~1 Y 3 1 -
b % AW P X 394455
W : m.bh .@4\3
¢ ” =M £ ﬂ\\m
i ' W AW & ' K —| = it £3704 71
(£ £
.‘ 2 s 4 £ z L 310y
e & B +, P Po e <
i D44
N T L
T S a7 - b Db 4
o - : YN \p _
a3 Lea w\m%m m\mb %\m\ K00 %9 \\m\m % % * 7
“&N weoty | /e AIGNTITY  QIEd JELL
FINIA L Line " QOsrIfIFINNQ 2 LM
| I AT AL S 190N o ST 202, = | =4y lfg0zF3| F1ON ONINIINIONI




/
M 4+ 70l T

r3 b \\»\ g swirl

17 \xﬂw\x&u\ak%m\i

wo |

Tan A b

AN v
Y STV X
Py 4 .
PIOLNIT FINS o2 AN \W\u\ Au ~ .J%Nm
(r2mmMe X020 30+] o
— o hmo 3915 M Loir 4330 X \xwm ~ - B
N X Wq
JV =S 13749 Q\Q\M
P47 esq wk o~
NS b gr 4 Yz & o
™ e | : } H
24 1 h ; ﬁ

z 4 2
bz rez Go1 AL 7h 48 2, g
| | T N I f
214 9
e % I
o D I A
rapves iz = ] 1% 09 2 x\w@\“& [ = *
aidd _ BE Nk 1 | ] | i NS
o - 'S T _ [ L | V a
g R — ! ~ x| I
Ve m..lﬂw iy 7EFETE T f
~— S \ sy L 3y @ ATy (2
L T G T eMzZEER MIES QI8 St
DA A B S o v ﬁ: w\m:a:\\:u = LiNZ " FOLPISIIINIC LN
Cren MM \w.. o W.|||£ ® m.\fc\ ;.b\&\m\w 2090 ALE Mg . 4 J— — 133rmne
(‘g fm\. ;o= " 7084 D Aty |fg ex3 | JLON W<_M_____.w_muwz_02u
~ [ Inve | ANCDIIYI-IVINEE LadroNd Nousue L




R

~r
-

ifeb

et OO OO
SgwhdwﬁJrT OO OO0
OO0 O |
OOOOOO0OOOOO0O |
OOOOOOOOOOCOOOOO
OOOOOCOOOOO0OOO |
OO0 OOO |
A OO0 OOOOOOO
O OO0 OOOO
| OOOOOOOOOCOOOOO
OO0 O0OIDOOOOOLOOOO N
OCOOOOLOOLUOOOOOOOO
DO OOOOOO
OO0 OOOOOO
OO0 OOOOO0O0O
ODOCOODOOODOOIOD0O
OO0 OOOOOOOOOO0O
\@OOODOOOOOO

1o ghi OO OO0 OO oD T.tfv_

OO OO O OO
oo oo

\!\\.\l.

v vlpoers sy e

-

HIMPSINT D oot "o gf :
IO M DFPRTTING J0LrfIIVIG i

Zilv

E8vd | AvonsavD-Terese E ]

oI

J1ON ONIY3I3INIONIT

nnnnnnnn




# . '
W BRAND ENCLOSURES © February 1938 BULLETIN A-30

. SINGLE DOOR SINGLE ACCESS ENCLOSURES
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Table A.16 CoLo@ NUMBEES 157180 W FERELAL JTANODAEL =5 96 g
Enclosure Enclosure Size Enclosure Enclosure Size
Catalog Number AxBxC F G Cataiog Number AxBxC F G
1 A-60241BF5 60.06x24.06x18.06 32.03 2312 § A-T22424FS T2.06x24 06x24.06 ¢ 3803 2912
{1526%611x459) (814) [587) (1830x611x611) {966) {740}
§ A-722418FS 72.06x24.06x18.06 3803 T2912 § A-723024FS 72.06x30.06x24.06 3803 29.12
{1830x611x459} {966) (740} (1830x764x611) {966) (740}
§ A-T23018FS 72.06x30.06x18.06 38.03 2912 ¥ A-T23624FS 72.06x36.06x24.06 3803 2912
{1830x764x459) (966) (740} (1830x916x611) (966) {740}
§ A-T23818FS 72.06x36.06x18.06 38.03 2812 § A-903624FS 90.06x36.06x24.06 47,03 3812
{1830x816x459) (985) (740} (22B88x916x611) (1195) {968)
§ A-902420FS 90.06x24.06x20.06 47.03 38.12 § A-723620FS 72.06x36.06x30.06 38.03 29.12
(2268xB11x510) (1195} (968) (18309 16x754) (966} {740)
sy’ A-903620FS 4900BX3G0AX2006 4703 . 3812 § A-T23636FS 72.06X36:06%36.06 2803 2012
o LA raRRxat6x510) T {1195) )] {1830x916x816} (966) (ra0) .
1 A-B03624FS 60.06x36.06x24.06 3203 2312 § A-903636FS 90.06x36.06x36.06 47.03 3812
(1526x916x611) {814) {587) {2288x916x916) {1195} (968)

Millimeter dimensions { } are for reference only; do not convert metric dimensions to inch. .
t Certified by Canadian Standards Association. Spacify CSA label when ordering. 9 e, = Qe / 5 - 3’ / J"? A" j’l fe=
§ Certified by Canadian Standards Association. Specify CSA label when ordering. Consult tactory for delivery. ; w . 7
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